toms was observed at the end of the fi rst and second cycles of thermal therapy in dyspeptic and IBS patients. The analysis of variance showed a real and persistant improvement of symptoms in all patients. After water supplementation for 3 wk a reduction of gastric output was observed in 49 (87.5%) of 56 dyspeptic patients.
INTRODUCTION
Functional dyspepsia and irritable bowel syndrome accompanying predominant constipation (IBSc) are two of the most prevalent diseases in the industrialized world. These disturbances are among the first diseases for a gastroenterologic examination with high social and economical costs. In particular, dyspepsia is the first cause of specialized blood and invasive examination in Europe and USA [1] . Dyspepsia may be organic when associated with specific gastrointestinal or liver diseases. To diagnose functional dyspepsia gastroenterologists need specific criteria known as "Roma criteria" [2] . Prevalence of dyspepsia in general population is variable in different studies between 14% and 41% [3] [4] [5] . About 65% of dyspeptic patients result from functional dyspepsia [6] . About 35% of patients with functional dyspepsia present a delayed gastric output which is related to clinical symptoms [7, 8] or other disturbances of gastrointestinal motility [9, 10] . On the contrary, the link between gastric H pylori infection and functional dyspepsia has not been clarifi ed yet [6] because the data on the effect of H pylori eradication on dyspeptic symptoms are discordant [11, 12] .
Treatment of dyspepsia is based on dr ugs that inhibit the gastric acid secretion (such as proton pump inhibitors or H2 blocker agents) or drugs that stimulate gastrointestinal motility (prokinetics agents). However, the efficacy of such therapies is often unsatisfactory in particular for the short duration of the improvement of symptoms. It should be underlined that a prolonged treatment with these drugs is related to a high incidence of side effects. Although there is no scientific evidence, several dietetic regimens have been used in combination with drugs by dyspeptic patients.
A high enrichment of fibers in diet is the first therapeutic steps for constipation [13] . In fact, a high fi ber intake is related to an increased fecal mass in healthy subjects (with high interindividual variability) [14, 15] . The efficacy of this treatment seems to be time-related, probably for an intestinal adaptation to the high intake of fi bers [16] . IBSc is a chronic functional disorder associated with psychological, environmental, emotional, social factors (drugs, stress, lifestyle) [17] . A reduction of water intake may play an important role in the pathogenesis of constipation and water supplementation is often suggested by a general practitioner in clinical practice to IBSc patients [18, 19] . Recently, it has been described that an increased water intake up to 1.5 liters of mineral water is able to increase the effect of a diet with fi ber enrichment in patients with constipation [20] . In Europe, especially in Italy, Germany and France, a large number of thermal centers stress on the real role of a treatment with thermal mineral water in functional gastrointestinal diseases. For this reason we need international studies or controlled trial to evaluate the effect of mineral water on functional dyspepsia or IBSc. These studies may allow a medical prescription by physicians and evaluate the socio-economical impact on public health systems of these treatments compared to pharmacological therapies. The efficacy of thermal treatment with mineral water on gastrointestinal diseases [21] remains to be further clarifi ed.
This study was to evaluate the economic and health indicators for the assessment of the effi cacy of thermal therapies in reducing the health costs. Moreover, the effect of water supplementation therapy on functional dyspepsia and IBSc was also evaluated. , cancer, recent surgical resection, and pregnant women were also excluded from the study. All enrolled patients underwent abdominal ultrasonography and fecal occult blood test. Only patients negative in both tests were enrolled in the study and underwent a fi rst cycle of thermal therapy for a standard period (2 000 mL of mineral water for 21 d). Compliance was evaluated by the percentage of empty bottles returned by patients at the end of the cycle. Before the fi rst cycle of thermal therapy was started, an informed consent was obtained from all enrolled subjects. The anamnestic and clinical data were collected by submitting a questionnaire. The questionnaire included approximately 1 400 closed-answer questions ( Table 1) for identifying the exposure variables and risk indicator, with special reference to the social-demographic and clinical variables including different sections (personal data, social and occupational status, family and pathological case history, life style, clinical records and social data, also including indicators of the standard living, utilisation of welfare and health structure and devices). According to the fi rst study plan, the patients were re-examined at the same thermal centre one year after the fi rst therapeutic cycle and received a second cycle of thermal treatment. A second follow-up was made after another year. During the followup the effect of the treatment was evaluated by assigning a score on side effects, personal opinion of the treatment and overall tolerability of therapy (Table 1) . Moreover a retrospective assessment of the clinical follow-up, drug intake and utilisation of welfare and health service between the first and second cycles was carried out. Statistical analysis was performed using Bowker's symmetry test and ANOVA to compare uncontinuos variables.
MATERIALS AND METHODS

Patients
Methods
Sixty patients (30 females, 30 males, mean age 44±6 years) with functional dyspepsia and 60 healthy controls (30 males, 30 females, the mean age of 41±5 years) were enrolled. All patients underwent upper digestive endoscopy 
RESULTS
A totae of 3 872 patients with functional dyspepsia and 3 069 patients with IBSc were enrolled in the fi rst part of the study. After a year 74% and 69.5% came for follow up visit and to perform a second cycle of thermal therapy ( Table 2) . No difference among different mineral content of water supplemented was observed. Figures 1A and 1B show the prevalence of dyspeptic symptoms (epigastric pain and post-prandial fullness) during the two cycles of thermal therapy. A significant reduction in the prevalence of dyspeptic symptoms was observed both at the end of the fi rst and second cycles. In particular, 80% of the patients were symptom free after the first cycle of thermal therapy. Moreover, the score during the pretreatment period was similar between the two cycles. However, ANOVA showed reduction of symptoms when the whole follow-up period was considered. Similar results were observed for post-prandial fullness. The analysis of variance showed a real and persistant improvement of symptoms in all patients.
When the main symptoms of IBSc (bloating, hard stools, incomplete evacuation) were considered, signifi cant and abdominal ultrasonography to exclude peptic ulcer disease, gastroesophageal reflux disease, liver, pancreatic and gall bladder diseases. Diagnosis of functional dyspepsia was made based on the Roma II criteria. All patients underwent 13 C octanoic acid breath test (OBT) and fi lled in a questionnaire for evaluation of gastrointestinal symptoms (post-prandial fullness, epigastric pain, bloating, heartburn, nausea, vomiting). After OBT, all patients started a diet supplemented with mineral water (2 000 mL of mineral water/d for 3 wk). During the mineral water treatment, patients were controlled with a standardized diet (similar caloric and fi ber intake) [20] . Compliance to thermal therapy was evaluated by the number of empty bottles returned at the end of the study (20% or more of full bottles returned were considered as the indicator of in adequate compliance). After 3 wk of mineral water supplementation treatment, the OBT was repeated and a new questionnaire for evaluation of gastrointestinal symptoms was administered. Patients after an overnight fasting had 91 mg of 13-C octanoic acid dissolved in an egg with a standardized meal (50 g ham, 150 mL fruit juice, 100 g white bread and 100 mL water) in 10 min. Breath samples were collected in a test tube before and every 15 min for 4 h after ingestion of the labeled substrate.
Analysis of 13 C in the breath was performed using a mass spectrometer (Breath Mat; FinniganMat; Bremen, Germany). 0T1/2 and T-lag values were used to express the results after a regression analysis of exhaled air curves. Results were expressed as T1/2 and Tlag. T-test for coupled or uncoupled data was used to compare the difference between groups. Difference in symptoms was evaluated by χ 2 test or Fisher's exact test. P < 0.05 was considered statistically signifi cant.
Twenty patients (10 females, 10 males, mean age 41 ± 5 years) with IBSc and 20 sex and age matched healthy controls (10 females, 10 males, mean age 40 ± 7 years) were enrolled. Diagnosis of IBSc was made based on the Roma II criteria. All patients underwent H2-lactulose breath test (LBT) to evaluate the oro-cecal transit time. Then, all patients started a controlled diet with standard fi ber and caloric intake suplemented with 2 000 mL of mineral water. After 3 wk the diet was stopped and LBT was performed. All enrolled patients fi lled in a questionnaire for evaluation of gastrointestinal symptoms (bloating, hard stools, number of evacuations in a week, incomplete evacuation) before and after mineral water supplementation. Compliance to thermal therapy was evaluated by the number of empty bottles returned at the end of the study (20% or more of full bottles returned were considered as the indicator of in adequate compliance).
LBT was performed after 20 g of lactulose dissolved in 100 mL of water was administered. Breath samples were collected at basal time and every 15 min for 4 h in a specific test tube after the assumption of lactulose. The presence of hydrogen in the breath samples was evaluated by gascchromatography (Quintron Milwaukee, Wisconsin USA). The oro-cecal transit time was evaluated by curves of hydrogen exhaled during the test.
The Student t test for coupled or uncoupled data was used to compare the difference between groups. improvement was obser ved with ANOVA ( Figures  2A-2C ).
To better underline the temporal evolution of syptoms we reported the mean of scores for symptoms of dyspepsia and IBS at the 4 time points ( Figures 3A and 3B) .
The data on the number of hospitalization, days of absence from work and the clinical recrudescence before and after two cycles of thermal therapy were decreased by about 30% (Table 3) . Moreover, data on overall tolerablity of treatment and reasons of acceptance of this treatment are shown in Table 4 . About 80% of patients appreciated the treatment and about 95% gave a positive result of the treatment Sixty patients and 60 healthy controls were enrolled in the study. Fifty-eight patients had a slow gastric output measured by OBT (mean T1/2: 131 ± 18; Table 2 ). Patients with a normal gastric output were excluded. One patient and 2 controls refusing to give their consent were excluded. One patient was excluded for low compliance with the treatment (more than 20% of full bottles returned). Dyspeptic patients presented an alterated gastric output and a significant difference at enollment compared with healthy controls when both T1/2 (131 ± 18 vs 81 ± 7; P < 0.01) and T-lag (92 ± 11 vs 51±10; P < 0.01) were considered.
After mineral water supplementation for 3 weeks, a reduction of gastric output was observed in 49 (87.5%) of 56 dyspeptic patients. Both T1/2 and T-lag were significantly reduced after the therapy compared to the basal values (91 ± 12 for T1/2 and 53 ± 11 for T-lag, Table 5 ) with OBT similar to that in healthy controls. In controls and 7 patients, the gastric output did not change after mineral water supplementation treatment.
The prevalence of dyspeptic symtoms was signifi cantly lower after the therapy than at enrolment. The prevalence of bloating and gastric fullness was signifi cantly lower after mineral water supplementation treatment ( Table 6 ). The overall prevalence of gastrointestinal symptoms was reduced after mineral water supplementation treatment too. At the basal point, a mean global score of symptoms was 15 ± 4. After 30 d of mineral water supplementation treatment, the score was 7 ± 3. A lower prevalence of abdominal pain, nausea, vomiting was also observed. No severe side effects were reported by patients. Only one control experienced mild diarrhea but treatment was not stopped. Five patients and 7 controls reported an increased number of evacuations during treatment. No effects of mineral water supplementation trealment on blodd pressure, glycaemic control and heart rate were observed. Oro-cecal transit time was longer in patients with IBSc than in controls ( Table 7 ). All patients and 3 healthy controls had an abnormal oro-cecal transit time. After minere water supplementation treatment for 3 wk, the oro-cecal transit time was shorter than at the beginning of the study. A slight reduction in transit time was observed in healthy controls especially in those presenting a pathological transit time at the start of the treatment. The number of evacuations in a week was increased and bloating was reduced during mineral water supplementation treatment in patients with IBSc (Table 8 ). No side effects were reported by patients and controls.
DISCUSSION
Several diseases have been treated with thermal therapies for a long time in different countries. However, whether thermal therapy should be considered as pertinent to alternative medicines is a matter of debate and largely depends on the different cultural settings in which this practice is performed. In the Scandinavian, British and North American countries the therapeutic value and benefits of thermal (spa) treatment are seen with scepticism and looked at as an alternative and unorthodox practice. On the contrary, spa has been considered a credible medical treatment and supported by official undergraduate and postgraduate university teaching in most countries of the continent, Southern and Eastern Europe (France, Germany and Italy). It should also be mentioned that, differently from various forms of alternative medicine, spa therapy is firmly maintained in medical hands and undergoes orthodox medical control. As a consequence, thermal medicine appears as a supportive rather than alternative practice. Thus in the mentioned countries, spa therapy cannot be labelled as "alternative" medicine, but should be defined as "complementary" or "auxiliary" medicine. Nevertheless, also in these settings, an alignment to the Anglo-Saxon scepticism towards spa therapies has recently developed within the medical and academic community, although not all do so among patients and within the "civic" society.
Such scepticism is based on the scant number of studies published in medical journals of good reputation, apt to investigate with correct methodology and design the real benefits of spa therapies in various clinical conditions in term of effi cacy and cost-effectiveness. Even in those countries in which "hydrology" is a recognized medical speciality with an academic background (as in Italy) most researcher work done in the past has been characterized by an approach mainly pathophysiologic and pharmacological, aimed at investigating the mechanism and biological effects of the mineral water rather than at assessing the related clinical and health economic effects with appropriate methods.
As in a number of European countries, variable kinds of financial support (public and private) have been provided for different forms of thermal treatment applied to various diseases. This issue is not a simple question of medical and academic relevance but has great implications from the socioeconomic point of view. In Italy, almost 340 thermal industries are crucial economics and social factor for many geographic areas. The yearly fi nancial turnover related to the thermal activities amounts to 300 million stimulation of specifi c gastric receptors that increases the gastric motility by secreting local hormones (gastrin, secretin, vasoactive intestinal peptide). The evidence that the effect of water is limited in patients suggests that hormones may be disrequlated in such patients. The presence of large amounts of calcium and magnesium in mineral water may directly stimulate the gastric smooth muscle to increase its motility and relax pylorus, thus producing its effect on gastric output and symptoms. The restoration of a correct gastric output reduces the time of exposition of bolus to intestinal bacteria, thus reducing the intensity of bloating due to intestinal bacteria overgrowth. Constipation predominant irritable bowel sindrome is one of the frequent gastroenterological diseases in general population. Several pharmacological treatments have been proposed and used. Although therapies for constipation are efficacious, most of them are self-prescribed by patients with a high cost. Laxatives for example are widely used without medical control and may produce side effects. Moreover, the effi cacy of laxative treatment is temporary and induces patients to increase dosage of drugs. A diet containing high fi bers has been demonstrated to be a valid alternative to drugs for chronic constipation [20] .
In our study, mineral water supplementation theray (2 000 mL) for 3 wk accelerated oro-cecal transit time and improved symptoms in patients with IBSc. Compliance to therapy was excellent. The mechanisms of action of mineral water are not completely clear. Others iones present in mineral water may directly or indirectly (via neuroendocrine secretion of vasointestinal active peptides) stimulate smooth muscle to increase its motility. These actions reduce the transit time and increase the number of evacuations in a day with improvement of symptoms in IBSc patients. The decreased transit time improves bloating and reduces the time of contact between intestinal content and saprophytic fl ora with reduction in gas production.
In conclusion, mineral water supplementation theray can improve gastiric acid output, oro-cecal transit time and symptoms in patients with functional dyspepsia or IBSc. Mineral water supplementation therapy seems to be a simple, well-tolerated, cheap therapy for functional dyspepsia or IBSc and should be taken into account by physicians in the treatment of dyspepsia ad IBSc. dollars and 2 000 million dollars as for health aspects and linked activities, respectively, and is a key element of the national economy.
The evaluation of literature on the efficacy of spa therapies in the international bibliography can clearly show how wide the gap is in this context, if compared to traditional clinical domains and other nonconventional therapies. The limited impact of scientifi c research on the effi cacy of spa therapies accounts the reservations of the scientifi c world to the actual effi cacy of spa therapies, thus paving the way in Italy to discuss the public funding of these activities. On these bases in 1995, the Association of Thermal Industries and Curative Mineral Waters (Federterme", which officially represents all 340 Italian "medical" spa centres) have developed the epidemiological, health and cost-effectiveness aspects related to spa activities to assess the efficacy of thermal therapies in reducing the health costs.
The observational study has given very important results. The high number of patients who decided to come back for a second period of thermal treatment suggests a very good impact of the therapy on symptoms evaluted by ANOVA test. The data cannot be ascribed only to a placebo effect. We however, cannot conclude that thermal therapies are able to infl uence the natural history of studied diseases (dyspepsia and IBSc). It is possible that the benefi cial effet of a single thermal treatment can infl uence the perception of symptoms as less severe even in a long follow-up period. This hypotesis was supported by reduction of day and number of hospitalization and day of absence by work during the follow-up period. It should be important to evaluate the economical impact of such results but it was not possible in this study. However, all cited parameters showed a reduction of about one third during the follow-up perion when compared to the former years. No reduction in drug use was observed (data not shown). It is possible to conclude that mineral water supplementation treatment for functional dyspepsia and IBSc can improve symptoms and reduce the medical cost as well as deserves further attentions. However, a best detailed analysis on cost/effectiveness should be performed.
Our data showed that mineral water supplementation therapy could reduce the gastric output of solid food and improve symptoms in patients with functional dyspepsia. The improvement of both studied parameters (T1/2 and Tlag) suggests that mineral water can normalize both gastric output time and redistirbution of alimentary bolus in the stomach. The pathophysiologic mechanism causing these effects are unknown. Our study demonstrated that mineral water supplementation therapy could improve symptoms and gastric acid output in functional dyspeptic patients evaluated by a questionnaire and OBT. The effects exerted by mineral water include stimulation of chemoreceptors and baroceptors in the gastric walls. The well known effect of water on intestinal motility (due to osmotic properties) with increased intestinal transit time induces an early duodenal transit of food with an earlier relaxation of pylorus and a faster transit of bolus from stomach to duodenum. Moreover, the presence of liquid in the stomach accelerates food disintegration and solubilization.The chemical content of particular water plays a role in the www.wjgnet.com
